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SUMMARY

An exhaust-port design was developed that provides a heat-flow
path of increased area from the valve stem to the outside surface of
a Wright C9GC cylinder. The effects of the new port design on
exhaust-valve temperature and volumetric efficiency were determined
from single-cylinder engine tests. A reduction of 70° F in the
exhaust-valve temperature was obtained with no decrease in volumetric
efficiency or power output.

INTROZ:JCTION

The tests herein described are part of an investigation being
conducted by the WACA laboratory in Cleveland, Ohio to determins and
eliminate the causes of exhaust-valve failur~s in aircraft engines.
Previous tests by the I'ACA (reference 1) indicated that a larger
exhaust~valve-guide boss would provide a heat-flow path of greater
area from the valve stem to the outside surface of the cylinder and
would aid in preventing valve failures caused by overheating. It
was realized, however, that an incrsase in the size of the boss would
reduce the cross-—sectional area of the port and retard gas flow
through the port. Taylor, however, showed in reference 2 that the size
of the exhaust port could be made much smaller than usual without a
serious decreuse in the flow coefficient. Tavlor also found, as did
Heron (reference %) and Doman (reference L), that the exhaust valves
can se made smaller than the intake valves without causing a loss in
engine power.

The first part of this report discu.ses the development of an
exhaust-port design that has satisfactory gas-flow characteristics
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and a heat-flow path of materially increased area from the valve stem
to the outside surface of the cylinder. The design was incorporated
in en aircraft cylinder and was based on the results of a series of
steady-flow tests conducted to determine the maximum size boss that
could be contained in the exhaust port without a detrimental effect
on engine air capacity. The second part of this report describes
single-cylinder c¢ngins tests conducted by the NACA of an aircraft
cylinder incorporating the altered port; the tests were rvn to deter-
mine the ecffect of the port on power ouvtput and exhaust-valve temper-
ature.

DEVELOPMENT OF THE PORT DESIGN

Although a reduction ln the opcrating temperature of the exhaust
valve was tho primary object of this investigation, i1t wes first nec-
cssary to determine the effect of the port shape on gas flow through
ths port and the volumetrie ¢fficianey of the cylinder. The contours
and cross-sectional arcas of a standard Fright C9GC port and of three
axgerimental ports were compared end their flow characteristics under
steady-flow conditions wvmre detornined. The effect of a reduction in
flow arra on volumetric efficiency wus doctermined from single~cylinder
sngine tosts of a stendard Wright C9GC cylinder equipped with an
sxhaust valvs providing 85 parcent of tha flow area of the stock
valve,

Lpparatus

A diacrammatic layout of the apparatus used in the steady-flow
tests of the cxparimental ports is shown in figure 1. The cylinder
ves mounted upon the tank outlat by means of an a2dapter platc. Valve
1ift was vari.d by a micrometcr screw mcchanism., The air flowing
through the system was moasurced by a thin-plate orifice lnstalled in
accordance with A.S.M.E. standards. Thz zir pressure in the tank was

zgnlated by a hand-operated valve located ahead of the orifice. Air
prissurss were meesurad with mercury manometers and temperatures were
determined with iron-constantan thormocouplos.

The vngine tests 1o determine the volumstric effiecicncics of the
gtandard cylinder and of the cylinder with the <xhaust valve providing
BR percznt of the low arua of the stock valve were run on an NACA
uaivsrsal test-cngine crankcasc. The intake pip: was 15 inches long
and the exhaust pipe was 25 inches long. A schcmatic drawing of the
standard tect sctup used is sho-m in figurc 2.
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Procedure

The effect of port shape on volumetric efficiency was determined
by altering the shape of the port with modeling clay and measuring
the air flow through the port at. various valve lifts at constant tank
pressure. The tank pressure was measured by manometer C shown in
figure 1 and was considered to be the pressure causing flow through
the port. The valve 1ift was varied from 0.050 inch to 0,600 inch.

As each port was flow-tested, it,was necessary to determine the
relation between th: flow charscteristics and the shape of the port.
Lccordingly, the croass—sectional areas of the ports were obtained by
making a flexible mold of the port.interior. The mold was withdrawn
from the port, filled with plaster of Paris, and sawed into sections
on planes, the traces of which are shown by the lines A, B, C and 1
to 7 in figure 3. The outlines of these se¢tions were then drawn on
paper and the areas were measured with a planimeter. Flow areas
measured from several molds taken from two standard cylinder heads
agrsed within $2 percent, indicating that the mold method 1s suffi-
clently accurste, The numbercd half-gsections of the standard port
are shovm in figure L.

The cross—sectional areas of the ports plotted against distance
measured along the mean flow paths of figure 3 are shown in figure 5.
The areas of sections 4, B, C, and 1 are the same for the standard
port and ports 1 and 2, All of ithe sections except A, B, C, and 1
have equal arcss for the port equipped with the 8%5-porcent flow-area
valvo and the standard port. The locations of the numbered sections
wers the same: as those shown on Wright Aeronautlcal Corporation
drawing 112096 excnpt for the locations in port 1. The areas at the
letter=d sections between the fully opuned valve and the seat were
calculated as the latzral area of a frustum of a cone. Corrections

for the cross-sectional area of the valva stem were made Ffor soections 1

and 2.

The engine tests to compare the volumetric efficiencies of the
cylinder using the 85-percent flow-area exhaust valve and of the
cylindar with tho stock exhaust valve were run at a constant inlet-
air temperaturs of 150° F and a manifold pressure of LO inches of
mercury absolute; standard valve timing wes used in both tests. The
exhaust back pressurc was controlled to 28.2 inches of mercury abso-
lute and the fual-air ratio was 0.097,.

Comparison of Tast Rasults

Flow tests of the ports werc made over a range of pressurc drops
across thc valve up to L5 inches of mercury, but the test squipment



L ' NACA ARR No. ESA31

limited the higher pressure-drop tests to the lower. valve 1lifts., It
was found, however, that the performance of the experimental ports
that had a greater or lesser air flow than that of the standard port
at any 1ift was consistent over the range of pressure drops used.
For this reason, only the results of tests at a pressure drop of

10 inches of mercury are presented. Figure 6 compares the volume of
air flowing through the ports plotted with valve 1lift. The flow
reaches maximum values for the three modified norts at the higher
1lifts and the flow for the standard port is still increasing but at
a slower rate. Flow tests mnde at pressure drops of 5 and 15 inches
of mercury showed the same trends:

The following table compares the flow through the modified ports
with the flow through the standard port at two valve 1lifts.

Valve 11ift
(in.)
Port 0.320 0.862
Flow
(percent of standard)

Standard Wright C9GC port 100 100
Port 1 100 8o
Port 2 105 97
Valve with 8G-percent flow 82 17

area in standard port

The results of the flow tzsts of port 1 correspond exactly with
those of the standard port at the lower 1ifts, but a maximum flow is
reached by port 1 at a lower 1ift than the standard port. Port 1
contained an extremely heavy boss that reduced the flow area con-
sidersbly in sections 2 to 6. (See fig. 5.) Ths flow through port 2
vas grcecater than that through the standard port at all but the highest
lifts., This port was designed with a slightly smaller boss in an
effort to reduce the raestriction to flow that port 1 possessed at
the higher valve 1lifts. The half-sections of this port are shown in
figure 7. The flow through the standsrd port :quippcd with the
85-percent flow-area valve was less than the flow through the other
ports.

The volumatric efficiencies of the eylinder cquipped with the
85-percent flow-area valve and of a standard cylinder are plotted in
figure 8. No diffsrcncs in ths volumetric cfficiuncies was found
over a range of enpine sneads from 1200 to 2500 rpm (rated take-off
speed) and one curve was falred through the two sets of test points.
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Any port that has an air flow greater than that of the port with the
85-percent flow-area valye would therefore not be expected to cause
a loss ln volumetric efficiency. Port 2 would probably improve the
exhaust process because 1t restricted flow the least at all but very
high 1ifts and 1t is generally thought that mest of the exhaust gas
eacapes at the lower lifts.

Filgure 5-shows that sections 3 and L of port 1 aere smaller than
sections B and C of the standard port equipped with the 85-percent
flow-area valve., Even though a smaller section existed in port 1,
its restriction to air flow was not so-great as that of the port
equipped with the B85-percent flow-area valve (fig. 6). This condition
might indicate that the flow area through the valve and seat 1is the
most critical sectlion of an exhaust port and that the rest of the
port can be designed with less emphasis on gas flow and more consider-
ation given to cooling of the exhaust valve.

ENGINE TESTING OF FINAL PORT DESIGN

Port 2 was chosen as the design to be engine-tested because it
had satisfactory gas-flow characteristics and a heat-flow path of
greater area. Cross sections of the standard Wright C9GC cylinder
are presented in figure 9 to compare the sizes of the exhaust-valve-
guide boss in the standard port and in port 2, The heat-flow paths
at section A-A (fig. 9(a)) of port 2 and of the standard port are
compared in figure 10,

Apparatus

The Wright C9GC cylinder was altered by building up the boss with
arc-welded aluninum in order to Iincorporate the design of port 2.
Molds of the port were taken during the alteration process to insure
that the desired design was being followed.

The temperature of the exhaust valve was measured with a steel-
constantan thermocouple installed in the valve itself, as shown in
figure 11l. This thermocouple was calibrated in an electric furnace
by comparing it with a standard thermocouple that wes spot-welded to
the valve crown., Although an alumimum~valve~steel couple was produced
as a parallel circuit to the valve~thermocouple circuit when the valve
- was seated in the head, tests showed that the effect of this additional
couple is negligible. The calibration of the valve thermocouple wes
found to be unchanged after the valve had been used in the engine.

The crankcrse and the test equipment thet were used in the
volumetric-efficiency tests were used in the engine tests to determine
the effect of port 2 on exhaust-valve temperature and power output.
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Procedure

The following engine condltions were held constant during the
comparative tests:

Englnespeed,rpE..............-._-.....2200
Fuel-airratio....... -c--nu.-ao--..oco99
Combustion-air temperature, °F e s s s s 8 e s e s s e s s s 150
Cooling-air pressure, inches of water . « . « &+ v « o « o o« « o 16
Spark timing, degrees B.TeCi o o o o 5 o o s« o = s « o o o o 2245
¥xhaust back pressure, inches of mercury absolute . . . . . . 28,6

The same thermocouple—equipped valve was used in both cylinders;

valve temperatures were recorded as a function of indicated mean
effective pressure, The temperatures were recorded at each test con-
dition after readings tad been stabilized for approximately 5 minutes,
The indicated mean effective pressures were obtained by adding the
brake mean effective pressures Lo the friction mean effective pres-
sures determined by motoring the engine,

Comparison of Engine-Test Results

The operating temperatures of the exhaust valve in the standard
cylinder ard in the cylinder with port 2 are plotted in figure 12,
Exhaust-valve temperatures wers reduced approximately 70° F in the
cylinder with the enlarged boss. The resar spark-plug-bushing temper-
ature was very nearly the same for both tests. A greater valve~
temperature reduction might be accomplished if more cooling-fin sur-
face were provided around the exhaust~valve-guide boss. Figure 9(b)
indicates the possible increase of fin area that might be incorporated
in the port 2 design,

The relation between intake manifold pressure and indicated mean
effective pressure is plotted in figure 13 for both tests. Changing
the exhaust~valve-guide boss had no effect on the power output of the
cylinder,

SUMMARY OF RiSIILTS

Comparative tests of a standard cylinder and a modified cylinder
with an enlarged exhaust-valve-gulde boss gave the following results:

1, Increasinys the size of the exhaust-valve-guide boss reduced
the¢ exhaust~valve temperature 700 F,
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2. As predicted by the stsady-flow tests of the altered port,
the increasad slze of the exhaust—valve-guide boss did not result
in 'a decrease iri power output of-the cylinder, .

Lircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
GCleveland, Ohio.
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Downstream cooling-air exponsian tank Y Motor-controlled mixing valve
Remote-reqding dynamometer scale Z Air heater

Figure 2. - Test engine, auxiliary
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Figure 3.~ Locations of exhausteport sections in standard Wright C9GC
cylindery, with valve in full-open position,
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Figure L.~ £ ¢
in a Wrigh geaegy gnaeo standard exhaust port
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a Wright C9GC cylinder.

LSV TT LLIL B Ty LA I Tryy Trey TTroee TFTY rry LB A BEBRAARS Tryy LI
o o | '
- R
e}
- m- - <1
= {2
L+ Up® O
P £ =]
FS < T T T T T T T T , =
e | H3® /i g 2
FENLEE: / > 8
g | o g &
.n el 23 2% t
-« r.m,us a 4
C+ d o ® b
Ffnal e o w ﬁ t > m
- “1 < o
ro H x O \ / / -
L &~ [ ]
= R B R SR~ E il il el Sl §
2 b \ 5 S
: h_ A g d
@ \‘ \ w 9
(&)
s O I LA R T £ O
L - L _ 1 | - X-U(|||)||||||.f;x6 o E
X 3 / r
[ © z .m
v e Y {wmg B
.W M ’ + M (2]
< g N\ e 3 o
P - 4 (-]
F 2 S N 0 s
L < g @ £
=" [e] 1] [
T ] ¥ 5 o
"M - i & o e P L I S Rl R S PR P L S < £
F < 3 \ 1~A .ﬂ @ o
[ 3 2] g o
F 2 / S 5
3 O L L ad
[ / £ PRSI
= e T T o 0. & e e @
g AN / ° 4
- \ = e
- <)
- / \ \ I
A “« O
” ———d-=-—{-=-4- l"l\-l'l'||'||l}|cla %] w
= ﬂ/ +7 g8 o
g g
- /.,\ N P o
- / o
- - > i @ o~
- (/ r./ ~ -~ v m
ﬁ .
= / ...m am
- »
- / [ ) [4)
C | /// \ g s
: SR R S T - SR S RS g
C L 0
. /B o a 8
- J\ (=] 4
o (&)
- ) qo '
l\\ wn
heddodbdh bl bbb bl b b s a1 2 a2 s 0 )30y Ad bl i Al a2 s aa s i ais s sd 0l hd [ ]
o~ ) " -+ " o 5
o
-l
i

‘ui bs ‘veaw TVUCTIVOS8=-SS04D



cu ft/min

Air flow,

1200

1000

Maxrmum NAT IONAL ADV [SORY:
valve 1if} COMMITTEE FOR AERONAUTICS
—
7,41&?”"f—‘
"
800 ' /‘ ]
A
i
/ |

. 5/ i
600 /

p Standar@ port
- Po{t 1

NN

4oo

andt 2
LT —

[ Valve with 8%-per:
cent flgw arda in

// .
-

200 4

ol . 03 L
Valve 1lift, in.

5

. R 7 .

Figure 8. - Comparison of air flow through standard and modified exhaust ports in a
Wright C9GC cylinder. Pressure drop through ports, 10 inches of mercury absolute.
Air flow corrected to standard conditions (pressure, 29.92 inches of mercury absolute;

temperature, 59°F).
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Flgure 7. = Half-sections of port 2.



NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

110
.: L
2 100 + ) y i —
a O\\x\.
& HT~o—_ |
-« 90 ~
L)
g
& 8o
3 O Standard Wright exhaust valve
: + Valve with 85-percent flow area
% 70 in a standard port.
)
-l
% 60
)
é 50
0
>
.ho
30 1200 1400 1600 1800 2000 2200 2l,00 2600

Engine speed, rpm

Figure 8. - Comparison of the volumetric efficiencies of a Wright C9GC cylinder with a

standard and an 85-percent flow-area e
inches of mercury absolute; combustion

xhaust valve. Intake manifold pressure, 40
-air temperature, 150° F; exhaust pressure, 28.2

inches of mercury absolute; fuel-air ratio, 0.097.
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(a) Cross section through exhaust-valve-gulde boss showing outlines of
standard port and port 2.

Figure 9.- Comparison of size of exhaust-valve-gulde boss in standa
n port 2 of Wright C9GC cylinder. & sins rd port and
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- (b) Section A-A showing bullt-up exhaust-valve-guide b .
Wright 900 oylinder. =~ T guide boss in

Figure 9.- Concluded.
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Figure 10.- Comparative heat-flow paths of port 2 and standard port at section A-A
See fig. g(b o) Wrigbt ceae cylinder.
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Figure 12. — Comparison of exhaust-valve temperature in a Wright C9GC

cylinder and a C9GC cylinder with an enlarged exhaust-valve-guide boss.
Engine speed, 2200 rpm; cooling-air pressure drop, 16 inches of water;

'spark'adiance, ZZLO B.T.C.; fuel-air ratio, 0.099; combustion-air

temperature, |50°7F; cooling-air inlet temperature, 72° ¥; exhaust back
pressure, 28.6 inches of mercury absolute.
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Flgure 13.- Effect of intake-manifold pressure on indicated mean
effective pressure for a standard C9GC cylinder and a C9GC cylinder
with an enlarged exhaust-valve-gulde boss. Englne speed, 2200 rpm;

spark advance, 22%0 B.T.C.; fuel-air ratlo, 0.099; cooling-alr

pressure drop, 16 inches of water; combustion-alr temperature, 120o F. -
Cooling-air inlet temperature, 72° F; exhaust back pressure, 28.
inches of mercury, absolute.
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